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用。结果表明：在暗态下，当不锈钢表面 TiO2 薄膜厚度为 375~464nm 时，
在 NaCl 浓度小于 1mol/L 的中性或碱性溶液中，具有较好的防腐蚀性能。实
验发现，当浸渍时间少于 96 小时时，纳米 TiO2 薄膜的抗腐蚀性随浸渍时间
的延长而增加，随后趋于稳定，在浸泡 1008 小时仍没有发生腐蚀；在紫外

























三、不锈钢表面纳米 TiO2 复合薄膜的制备及光生阴极保护作用机理 
采用 Sol-gel 法在不锈钢表面制备了纳米 TiO2-SnO2 和“夹心式” TiO2 / 
TiO2 - V2O5 / TiO2 复合膜，光、电化学方法测试结果表明：在暗态条件下，





约 6h 以后达到-0.14 mV，可有效地延长光生阴极保护的作用。 
 


















Investigations of Preparation of Nano TiO2 Composite Coatings 




In this thesis, the advanced techniques for preparing uniform and finished nano TiO2 
composite coatings have been developed to achieve an optimal barrier resistance to corrosion 
of metals. The possible applications of the thin semiconductor films with super-water 
repellent and adsorbs have been explored in corrosion control for stainless steel. The 
emphases have been made to efficiently last the life of electron and hole in nano TiO2 
composites by doping technique, and to enhance the photo-generated cathodic protection for 
the metals. The mechanism of the photo-generated cathodic protection of nano TiO2 
composite coatings on metal has been further studied as well. The main results and 
innovations of the thesis are summarized as following: 
1. Preparation of ordered nano TiO2 coatings and properties in corrosion protection of 
metals 
By a modified so-gel method, the ultra fine particles of TiO2 sol have been fabricated at the 
room temperature. The preparation method is simple and easy to be reproduced. The TiO2 sol 
exhibits a yellow and transparent liquid containing fine particles with a diameter of 1nm or so. 
It is fairly stable at ambient temperature and can be kept for a rather long time. The nano 
TiO2 coatings are constructed on the surface of 316L stainless steel by the dip-coating or 
spin-coating method. A hydrothermal post-treatment method has been developed to obtain 
crack-free coatings for the first time and to optimize the surface structure and properties. At 















size and hydrophobic properties have been investigated as well. It is found that we believe 
that during the hydrothermal post-treatment there exist a dynamic and competitive process 
for the re-arrangement and crystallization of nano TiO2 particles, which may play an 
important role in morphology, size and hydrophobic property of the films. 
The corrosion resistance of nano TiO2 coated 316L stainless steel has extensively been 
investigated in different solutions and in dark condition by using electrochemical techniques 
and x- ray photoelectron spectroscopy (XPS). The influences of the coating thickness, [Cl-] 
and pH on corrosion resistance of the nano TiO2 coatings have also been studied. Using a 
TiO2 sol coatings as a photoanode, the performance of the photo-generated cathodic 
protection have been investigated by a combining photoelectrochemical system with 
corrosion electrochemical system under UV illumination. The results show that under the 
dark condition, the coatings with the thickness of 375~464 nm possesses a best quality in 
corrosion protection, when the concentration of NaCl is less 1 mol/L and pH is in the range 
of 4~12. Furthermore, during the immerging of the nano TiO2 coated 316L stainless steel 
electrode in the 0.5 mol/L NaCl solution (pH=4.6), the protective property of the coatings 
become a more improvement as a longer time within the first 96 hours and then keeps a 
steady protective property for 1008 h immersion. The corrosion resistance of the stainless 
steel with nano TiO2coatings can be improved 100~1000 times and the corrosion rates can be 
decreased by approximately 2~3 orders of magnitude comparing with that of the bare 316L 
stainless steel. On the other hand, as a photoanode, the nano TiO2 coatings with 375~464nm 
thickness exhibit a similar photogenerated cathodic protective property as the TiO2 powder 
coatings with 2 µm thickness. 
2. Properties of self-cleaning and anticorrosion of the nano titanate or titania coatings  
The titanate nanotubes coatings, made up of NaxH2-xTi3O7, grew on Ti metallic substrate 















super-hydrophilic and super-lipophilic property of the nano coatings can be kept for a long 
time even without UV illumination. The results of the photoelectrochemical and 
electrochemical tests show that the nano coatings have a good quality of corrosion protection 
as the barrier layers and of photogenerated cathodic protection as a photoanode.  
The surface structure of nano TiO2 coatings prepared by sol-gel method is improved by 
the hydrothermal post-treatment method, and then super–hydrophobic coatings are fabricated 
by self-assembly of fluoroalkylsilane (FSA-13) on the nano TiO2 coatings. According to the 
principle of corrosion protection of metals, the super-hydrophobic coatings have been 
explored in corrosion protection of metals. The results of the electrochemical tests show that 
during the first 1h exposure experiment, the hydrophobic coatings exhibit a better protective 
property than that of the TiO2 coatings. However, following the time prolonging the 
protective property of the hydrophobic coatings is gradually decay, and trend to a property of 
the pure nano TiO2 coatings. The influences of hydrophobic property on the corrosion 
resistance and the improvement of its environmental stability remain to be further 
investigated. 
3. Preparation of nano TiO2 composite coated 316Lss and mechanism of 
photogenerated cathodic protection 
By the sol-gel method and dip-coating or spin-coating process, the TiO2-SnO2 
composite films and the sandwiched TiO2/TiO2-V2O5/TiO2 composite films have been 
prepared on the Indium-Tin Oxide (ITO) glass and 316L stainless steel. The anticorrosion 
property of the composite coatings has been studied under dark condition by electrochemical 
methods. Similarly, the performance of photogenerated cathodic protection of the composite 
coatings has been measured in 0.5 mol/L NaCl solution (pH=4.6) by combining 
photoelectrochemical system with corrosion electrochemical system under UV illumination. 
The results show that in dark the nano TiO2-SnO2 composite films have a poorer 
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